The effects of fertilization on crambe are poorly understood; in this sense, this study aimed to evaluate the crambe growth under different levels of nitrogen (0, 40, 80, 120 kg•ha ) in a greenhouse. The height of the plants, the production of dried biomass and that of 1000 grains of crambe were evaluated. The height of the plants was impaired as a function of increasing doses of nitrogen. The interaction of nitrogen and phosphorus in the crambe crop increased the number of grains and dry shoot biomass. The growth and yield of the crop were not influenced by the use of potassium in mineral fertilization.
very interesting option because of its advantages such as precocity, drought tolerance [3] and frost, low production costs, and productivity between 1000 and 1500 kg•ha −1 , as well as higher oil production compared to other oil crops. In addition, crambe does not compete with crops for food production, making it viable to grow biofuels [4] .
Oil extracted from crambe seeds contains 50% -60% erucic acid, which is a long chain fatty acid used as an industrial lubricant, corrosion inhibitor, and an ingredient in the manufacture of synthetic rubber, paints, plastic films, plasticizers, glues, adhesives and electrical insulation, among others [5] .
Mineral nutrients have essential and specific functions in plant metabolism. If any nutrient is not present in satisfactory conditions to the plant, its deficiency generates anomalies due to changes in metabolism. Phosphorus, for example, among several functions, stimulates root development and flowering, accelerates physiological maturation, helps seed formation and increases productivity. In the same way, potassium is an important macronutrient, mainly for the synthesis of proteins and carbohydrates, for the production of photo assimilates for the grains, controls the water in the plant and for the process of opening and closing the stomata, regulates the assimilation of CO 2 , stimulates vegetative growth, and acts on ionic balance [6] [7] . Nitrogen is required by plants in quantities greater than any other mineral element, and the unavailability of this nutrient usually limits plant productivity in many natural and agricultural ecosystems. In addition, the level of N in the plant influences the absorption or distribution of practically all nutrients. Therefore, the deficiency of this element is characterized by the low growth rate, small plants, small leaves, premature death of older leaves, roots without branches, collapse and development of chloroplasts, chlorotic leaves with necrosis in the most advanced stage of the deficiency [6] [7] .
Similar to other higher plants, crambe needs macro and micronutrients both found in soil due to natural fertility and incorporated by fertilizers and correctives. Therefore, the soils for planting must be fertile and with pH above 5.8.
However, there are still no specific recommendations on the level of fertilization that is feasible for the crop [2] , since many studies have reported different trends in the response of crambe to mineral fertilization [3] [5] [8] .
In this sense, the objective of this study was to evaluate the development of crambe plants under mineral fertilization, related to the macronutrients nitrogen, phosphorus and potassium, aiming to potentiate this crop as a bioenergetic matrix for the semiarid and sub humid regions of Northeast Brazilian, bringing an alternative crop for smallholders in these regions during the rainfall shortage periods.
Material and Methods

Experimental Site and Soil
The experiment was installed and conducted in a greenhouse located at Campina Grande Federal University (UFCG) in Campina Grande, PB, under the following [9] . The results are shown in Table 1 .
As the crambe presents limitation to the root growth in soils with pH below 6.0 [2] , the soil acidity was neutralized with the application of limestone. Then, the soil was incubated until its pH reached around 6.0 (approximately 50 days), ideal for the development of crambe. Subsequently, the soil was fertilized according to the previously established treatments.
Design and Treatments
The experiment followed a completely randomized experimental design in a 4 × dose was supplied by simple superphosphate (18% P 2 O 5 ).
Plant Sampling and Measurements
Each experimental unit consisted of a pot with 8 kg of soil, which were submit- Nitrogen fertilizations were divided, with 1/3 of the doses applied at the time of planting and 2/3 applied at 30 days after sowing. Potassium and phosphate fertilizations were done before planting. After completing the crop cycle, at 75 days after sowing, the plant height was measured and then the plants were harvested, the grains were harvested manually, for later drying of the material and weighing of the mass in an electronic scale. 
Statistical Analysis
The results of the 1000-grain weight, plant height and dry shoot biomass were submitted to the statistical analysis, using the application of statistical program R, version 2.2.1. The F test was initially performed and, for cases of significance of the interaction between factors, the polynomial regression analyzes (response surface) were performed. In cases of non-significant interaction, the isolated factor effect was analyzed through regression when it had a significant effect by the F test. The significance level adopted in all analyzes was 5%.
Results and Discussion
The N doses were significant for the weight of 1000 grains, for the dry shoot biomass and for the height of the crambe plants ( Table 2 ). Potassium fertilization did not significantly influence any parameter analyzed, and the same behavior was also observed in the combinations between this nutrient and the others (nitrogen and phosphorus), as well as in the triple interaction.
Santos et al. [10] , using potassium fertilization in crambe, did not observe significant differences for dry shoot biomass or 1000 grains weight, and according to these authors, the high potassium content in the soil may have influenced the variables studied. In the present study, the initial potassium content (Table 1) is considered as medium [11] , which may have been responsible for the non-differentiation of potassium doses in the evaluated variables.
The highest yield corresponding to 6. Resende et al. [12] verified that the application of nitrogen as urea in cover in the crambe crop provided an increase of 7.69% in the mass of 1000 grains when compared to the treatments used as control, whose values varied between 6.04 and 6.15 g.
Soratto et al. [3] evaluating the effect of fertilization of NPK doses on crambe cultivation obtained results for weight of 1000 grains varying between 6.8 and 9.3 g. On the other hand, Silva et al. [13] obtained values of this variable varying between 6.3 and 7.7 g with the application of P in the sowing of crambe. These values are within the fertilization response range with NPK reported by Falasca et al. [14] , which are between 6 and 10 g for 1000 grains of crambe.
The highest value of the dry shoot biomass verified in this study was 25.15 g (unprocessed data) with the application of the doses of 0.367 g of N combined with 0.78 g of P 2 O 5 ( Figure 2 ). This fertilization represented an increase of 79% when compared to the control treatment, whose estimated value was 14.05 g (unprocessed data).
With the increase of N doses, there was a decrease in plant height (Figure 3) probably because the initial amount of this element in the soil was sufficient for the development of the plants. Thus, the plants could develop without presenting responses to the N applied doses. Souza et al. [15] , evaluating increasing Similarly, Resende et al. [12] , when evaluating the effects of the application of N doses on covering in the morphological characteristics and crambe productivity, did not find significant differences in the height of the plants as a function of the doses of nitrogen applied. However, although the crop is not responsive to N applications for plant height, this can be considered an important factor with respect to excessive crop growth, which can trigger competition between plants, especially by light, causing a decrease in photosynthesis and, consequently, with reductions in productivity, as stated by Resende et al. [12] .
Although this study does not present results that show significant differences for most of the crambe variables analyzed for the N, P and K doses used in the experiment, it corroborates other studies that also did not find significant responses to crambe fertilization doses.
Sousa and Chaves [16] and Chaves and Ledur [17] , evaluating the effects of mineral fertilization on nitrogen and phosphorus in the growth and production of the crambe crop, state that phosphorus had no significant effect on the production of crambe, although some authors have found satisfactory answers of this nutrient in crambe [13] [18] . However, Sousa and Chaves [16] affirm that the increase in the number of grains and total dry mass were directly proportional to the increase of nitrogen doses applied.
Thus, it is observed that crambe presents great potential to develop under small doses of fertilizers with NPK. According to Freitas et al. [19] , the main difficulty in recommending commercial-scale sowing of crambe for grain production is related to the lack of crop knowledge, especially the adaptability and recommendation of fertilization.
Conclusions
The height of the crambe plants was impaired as a function of increasing doses of nitrogen.
The interaction of nitrogen and phosphorus in crambe increased the number of grains and dry shoot biomass.
The growth and yield of the crop were not influenced by the use of potassium in mineral fertilization. Height (cm)
